Chronic gastritis is frequently associated with infection of Helicobacter pylori and characterized by tissue infiltration of neutrophils, lymphocytes, and plasma cells. To address the mechanism of lymphocyte infiltration in chronic gastritis, we examined the expression of chemokines and their receptors using frozen sections of chronic gastritis, obtained from 23 patients who underwent gastrectomy for gastric cancer. By immuno histochemistry, lymphocytes in inflamed gastric mucosa expressed CCR5 abundantly, CXCR3 less frequently, and CCR4 sparsely. The numbers of CCR5 þ cells, which were composed of mainly CD8 þ and partly CD4 þ T cells, were positively correlated with the degree of neutrophil infiltration, and decreased in areas with intestinal metaplasia or mucosal atrophy. RANTES/CCL5, one of the ligands of CCR5, was localized mainly in CD8 þ and partly CD4
Chronic gastritis is frequently associated with infection of Helicobacter pylori and characterized by tissue infiltration by neutrophils, plasma cells, and lymphocytes. Together with the virulence of H. pylori, such cellular infiltrate is considered to play major pathogenic roles in chronic gastritis, which eventually causes mucosal atrophy, intestinal metaplasia, and gastric cancer. [1] [2] [3] Chemokines are a group of small cytokines that play important roles in inflammatory and immunological responses by recruiting selective types of leukocytes. 4 Previous studies revealed the overexpression of CXC chemokines, Groa/CXCL1, and IL-8/CXCL8, and prominent infiltration of neutrophils expressing their receptors CXCR1 and CXCR2 in active gastritis. [5] [6] [7] [8] Lymphocytes consisting of CD4 þ and CD8 þ T cells are also known to infiltrate in chronic gastritis. 9 However, roles of chemokines in lymphocyte infiltration in chronic gastritis remain to be elucidated.
It is known that memory/effector T cells are polarized into two major functional subsets; type 1 T cells (Th1/Tc1) that produce TNF-b and IFN-g, and type 2 T cells (Th2/Tc2) that produce IL-4, IL-5, IL-6, IL-10, and IL-13. 10 . CCR5 is the shared receptor for MIP1a/CCL3, MIP-1b/CCL4, and RANTES/CCL5. It is also expressed by T cells upon antigenic stimulation in the presence of IL-12.
11 CXCR3 is the shared receptor of IP-10/CXCL10, MIG/CXCL9, and I-TAC/ CXCL11, which are commonly inducible by IFNg. 12, 13 CXCR3 is also expressed by activated T cells and NK cells. 14 In human inflamed, nonlymphoid tissues, CD4
þ T cells expressing CCR5 and CXCR3 accumulate with frequencies much higher than those in the peripheral blood, even without obvious specificity to the target organs. 4, 15 CCR4 is the shared receptor for TARC/CCL17 and MDC/CCL22, and has been shown to be involved in various Th2-type immune responses in mice and humans. 4, 16, 17 To understand the mechanism of lymphocyte infiltration in chronic gastritis, especially in terms of the Th1 and Th2 balance, the present study was designed to analyze the in situ expression of CCR4, CCR5, CXCR3, and their corresponding chemokine ligands in chronic gastritis tissues. We report here that lymphocytes in chronic gastritis predominantly express CCR5, and a fraction of these cells further contain its ligand RANTES/CCL5 in their cytoplasmic granules. We discuss possible involvement of cytotoxic T cells in the pathogenesis of chronic gastritis.
Materials and methods

Patients
Tissue samples of chronic gastritis were obtained from 23 patients who underwent gastrectomy at Sendai City Hospital in 2000 and 2001 for the following diseases: 20 patients for gastric cancer (all adenocarcinoma), one for esophageal cancer (squamous cell carcinoma, TNM stage III), and two for chronic gastric ulcer. The age ranged from 32 to 83 years, with the average of 63.5 years. The male to female ratio was 14:9. The TNM stages of gastric cancer were I A in seven patients, I B in seven, II in three, III A in two and IV in one. Gastric ulcer was regarded as stage 0 for the statistical analysis. The present study was approved by the Ethical Committees of Tohoku University Graduate School of Medicine and Sendai City Hospital.
Tissue Processing
Immediately after surgical resection, fresh specimens were obtained from macroscopically non-neoplastic mucosa of the corpus and antrum. Specimens were fixed in periodate-4% paraformaldehyde-lysine for 4 h and frozen in all cases for immunohistochemistry, and also fixed in 0.5% glutaraldehyde and 4% paraformaldehyde overnight and embedded in paraffin for in situ hybridization. 18 For RTpolymerase chain reaction (PCR), tissue specimens were snap frozen and kept at À801C until RNA preparation.
RT-PCR
This was carried out as described previously 19 using six gastritis specimens from three patients with gastric cancer. Age and cancer stage of patients 1, 3, and 4 in Figure 1 were 64 years/stage IA, 36 years/ stage IV, and 81 years/stage IA, respectively. All were male Japanese. Considering the high prevalence of H. pylori infection in Japan, we purchased three so-called normal stomach RNA samples. Normal stomach 1, 2, and 3 in Figure 1 were 28-year-old male and 62-year-old male donors (Cell Applications, Inc., San Diego, CA, USA), and 52-year-old female donor (Stratagene, La Jolla, CA, USA), respectively. The primer for TARC/CCL17 was þ 5 0 -ACTGCTCCAGGGATGCCATCGTTTTT-3 0 and À5 0 -ACAAGGGGATGGGATCTCCCTCACTG-3 0 . Other primers used were already described. 19, 20 Amplification conditions were 35 cycles of Figure 1 RT-PCR analysis. RT-PCR analysis was carried out for cytokines, chemokines, and chemokine receptors. Samples are as follows: RNA(À), no RNA (negative control), and PHA-treated PBMC, peripheral blood mononuclear cells treated with phytohemagglutinin for 3 days (positive control). C and P stand for corpus and pylorus of each patient. For details, see Materials and methods.
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Antibodies and Immunohistochemistry
We used the following antibodies: anti-CCR4 (clone KM2160, mouse IgG1; applied at 1.14 mg/ml), 21 anti-CCR5 (clone 2D7, mouse IgG2a, PharMingen, San Diego, CA, USA; applied at 0.25 mg/ml), anti-CXCR3 (clone 49801.111, mouse IgG1, PharMingen; applied at 0.5 mg/ml), anti-RANTES/CCL5 (clone VL1, mouse IgG2b, Biosource International, Camarillo, CA, USA; applied at 2.0 mg/ml), anti-MIP-1a/CCL3 (clone 14215.41, mouse IgG2a, DAKO Japan, Kyoto, Japan; applied at 5 mg/ml), anti-MIP-1b/CCL4 (clone 24996.111, mouse IgG2b, DAKO Japan; applied at 5 mg/ml), anti-IP-10/CXCL10 (clone 33036.21, mouse IgG1, DAKO Japan; applied at 10 mg/ml), and rabbit polyclonal anti-human CX3CR-1 antibody applied at 0.2 mg/ml. 22 For double immunohistochemistry, we also used anti-CD4 (clone SK3, mouse IgG1, BectonDickinson, San Joe, CA, USA; applied at 1:200), anti-CD8 (clone SK1, mouse IgG1, Becton-Dickinson; applied at 1:100), anti-CD20 (clone L-27, mouse IgG1, Becton-Dickinson; applied at 1:200), anti-CD68 (clone EBM-11, mouse IgG1, DAKO Japan; applied at 1:15 000) and anti-CD-Lamp (clone 104.G4, mouse IgG1, ImmunoTech, Marseille, France; applied at 0.2 mg/ml). We also used rabbit polyclonal anti-H. pylori (DAKO Japan; applied at 1:500) and monoclonal antineutrophil elastase (NP-57, mouse IgG1, Dako Japan; applied at 1:500). We adopted the immunoperoxidase method using Envision plus (Dako). 19 The primary and secondary antibodies were applied overnight and for 1 h, respectively. The chromogen and substrate were diaminobenzidine tetrahydrocloride and H 2 O 2 , respectively. For RANTES/CCL5 staining, we modified the method to enhance the permeability of antibodies into granules as already described. 20 The methods of double-labeling immunohistochemistry, the condition of control staining, and the chromogens used in RANTES-CD8 double staining were described elsewhere. 19, 20 Immunoelectron Microscopy We adopted, pre-embedding immunoperoxidase method using PLP-fixed frozen sections. 18 
In situ Hybridization
The coding region of RANTES/CCL5 was amplified from PHA-treated peripheral blood leukocyte cDNA by PCR. Digoxigenin-labeled sense and antisense riboprobes were generated from the 276-bp fragment of RANTES/CCL5 cDNA subcloned into pCR script SK þ , and the in situ hybridization procedures were carried out as describe previously. 18 Briefly, the specimens were pretreated by microwave heating in the aqueous phase and proteinase K digestion. The probe concentration was 1 mg/ml. After washing, hybridized probes were visualized by alkaline phosphatase reaction according to the manufacturer's manual (Boehringer Manheim).
Assessments of Results
We scored the following variables into three grades as described in the updated Sydney classification: 23 H. pylori, neutrophils, mononuclear cells, atrophy of gastric glands, and intestinal metaplasia. Of these, grades 0-1 and 2-3 were classified into mild and severe, respectively. Intestinal metaplasia was evaluated by alcian blue-PAS stain, and H. pylori infection was evaluated by immunohistochemistry using anti-H. pylori antibody. For neutrophil assessment, immunohistochemistry for neutrophil elastase was adopted using alkaline phosphatase as labeling enzyme.
We counted the numbers of cells immunoreactive for CCR5, CXCR5, CCR4, and neutrophil elastase in the lamina propria of the pit areas using an ocular grid, 0.25 Â 0.075 mm 2 in size, at Â 400 magnification (0.0188 mm 2 ). The number of these cells was expressed as number per 0.19 mm 2 , the whole area of a Â 400 field. In nine specimens, we divided the specimens into two areas because of apparent histological heterogeneity. The total number of areas we examined amounted to 54. We measured seven to nine microscopic fields for each area, and the average numbers were calculated.
We adopted a different method to quantify immunoreactive cells for RANTES/CCL5: their numbers were counted using the whole area of a Â 400 field (0.19 mm 2 ). A total of 62 microscopic fields were randomly chosen in the neck regions from 16 specimens obtained from eight patients. The degrees of neutrophil infiltration and intestinal metaplasia were judged by hematoxylin counterstaining in the same microscopic fields.
For statistical analysis, non parametric Friedman's test, Mann-Whitney's test, multiple comparison, and Spearman's test were used (SPSS 11.0, SPSS Japan, Tokyo).
Results
RT-PCR Analysis
To obtain an overall view, we carried out RT-PCR analysis ( Figure 1 ). First, we corroborated the predominant expression of IFN-g over IL-4 in gastritis tissues, supporting type 1-dominant immune responses in chronic gastritis. 9 IL-8/CXCL8 and its receptors, CXCR1 and CXCR2, were also expressed in gastritis tissues more apparently than in normal mucosa except two of three 'normal' were also frequently detected in gastritis tissues, suggesting infiltration of CX3CR1-expressing cytotoxic T cells, 22 although the expression of its ligand fractalkine/CX3CL1 was hardly detected.
Immunohistochemistry for Chemokine Receptors
First, we corroborated that CD3 þ T cells were quite infrequent in noninflamed gastric mucosal tissues in three cases, which were selected by screening of paraffin-embedded biopsy samples of 150 cases (data not shown). Next, we examined the immunohistochemical expression of CCR5, CXCR3, and CCR4 in chronic gastritis using 45 frozen sections obtained from 23 cases. All cases were infected with H. pylori as revealed by immunostaining (data not shown). CCR5 þ mononuclear cells were abundantly observed, which were mainly distributed in the lamina propria of all layers of the mucosa ( Figure  2a ). CXCR3 þ cells were less frequent and mostly confined to a deeper zone of the mucosa (Figure 2b ). Cells expressing CCR4 were mostly absent in the inflamed mucosa (Figure 2c ) and only seen in the peripheral T-cell zone of lymphoid follicles (data not shown). No CCR3 þ mononuclear cells were observed in inflamed mucosa (data not shown). Double staining performed in three representative cases revealed that CCR5 þ cells were composed of both CD8 þ and CD4 þ T cells, with the former predominant (Figures 2d and e) . Macrophages or dendritic cells were negative for CCR5, CXCR3, or CCR4 (not shown). Immunohistochemistry for CX3CR1 performed in three representative gastritis cases showed that CX3CR1 þ mononuclear cells were detected in the lamina propria of the neck region ( Figure 2f ). As CX3CR1 is selectively expressed by perforin-and granzyme B-positive fully differentiated cytotoxic effector T cells, 22 this suggested infiltration of cytotoxic T cells in chronic gastritis. Negative controls showed no specific reactivity (Figure 2g ). þ cells were correlated with the degree of neutrophil infiltration (Figure 3b ). The numbers of CCR5 þ cells were less abundant in the antrum than in the corpus (Po0.01, Figure 3c ), in severe intestinal metaplasia (15 areas) than in mild metaplasia (35 areas) (Po0.05, Figure 3d) , and in severe atrophy (25 areas) than in mild atrophy (12 areas) (Po0.01, not shown). Since these patients underwent gastrectomy for gastric cancer, we explored a possible correlation with cancer stages. The numbers of CCR5 þ cells showed no significant correlation with cancer stage, patients' age, or gender (data not shown).
Morphometric Analyses of Chemokine Receptors
Immunohistochemistry for Chemokines
RANTES/CCL5 was clearly detected in infiltrating lymphocytes with a characteristic dotted pattern (Figure 4a ). This pattern was quite similar to that of We were unable to demonstrate MIP-1b/CCL4, probably due to the limitation of the antibody used. Consistently with the results of RT-PCR analysis, no clear staining was observed for IP-10/CXCL10 or MIG/CXCL9 in gastritis tissues (data not shown).
In situ Hybridazation for RANTES/CCL5
Mononuclear infiltrate expressed mRNA for RANTES/CCL5 in chronic gastritis by in situ hybridization performed in four representative cases (Figure 4e) . No such signals were detected with a sense probe (Figure 4f ). Eck et al 7 reported that RANTES/CCL5 mRNA was positive in vascular endothelial cells in human gastritis tissues. In the present study, we did not confirm positive signals for RANTES/CCL5 mRNA or its protein in this type of cells.
Immunoelectron Microscopy for RANTES/CCL5
Immunoelectron microscopy performed in two representative cases confirmed that RANTES/CCL5 was localized within membrane-bound granules that were sparsely distributed in the cytoplasm of lymphocytes ( Figure 5 ). These granules, contrasted to abundant granules in NK cells, corresponded to cytolytic granules of cytotoxic T cells, 24 suggesting that cytotoxic T cells carry RANTES/CCL5 þ granules in chronic gastritis.
Correlation of RANTES/CCL5 þ Lymphocytes with Pathological Findings
To explore the significance of RANTES/CCL5 þ lymphocytes in the pathogenesis of chronic gastritis, we quantified RANTES/CCL5 þ lymphocytes in the þ cells showed a marked decrease with the progress of intestinal metaplasia ( Figure  6b ). There were no significant differences in the numbers of RANTES/CCL5 þ lymphocytes between the corpus and antrum or between areas with mild atrophy and those with severe atrophy (data not shown). No significant correlation was found between the numbers of RANTES/CCL5 þ lymphocytes and cancer stage (data not shown).
Discussion
Chronic gastritis is characterized by tissue infiltration of neutrophils, lymphocytes, and plasma cells. It is now known that chemokine receptors not only explain the mechanism of tissue infiltration of leukocytes but also provide useful markers for the types of immune response including Th1/Th2 balance. 4 Here, we examined the in situ expression of Th1-and Th2-type chemokine receptors, namely, CCR5, CXCR3, and CCR4, and their respective ligands in chronic gastritis tissues. We have shown that CCR5 was abundantly expressed in lamina propria-infiltrating mononuclear cells, while CXCR3 þ cells were less frequent and CCR4 þ cells were sparse. This expression pattern is partly consistent with a dominance of type 1 immune response in human gastritis. 9 Of particular interest, we have further revealed that a fraction of infiltrating CD8
þ T cells and some CD4 þ T cells contain its ligand RANTES/CCL5 in their cytoplasmic granules, and that such cells were abundant around the neck region of gastric glands associated with neutrophil response. Even though we were unable to prove the coexpression of CCR5 and RANTES/CCL5 in the same cells due to technical difficulties, our data suggest that a fraction of CCR5 þ T cells coexpress RANTES/CCL5. Previous studies documented the expression of RANTES/CCL5 in chronic gastritis with H. pylori infection. 6, 7, 25 Here, we have clarified its cellular and subcellular localization.
Previous in vitro studies using confocal laser microscopy have shown colocalization of RANTES/CCL5 with perforin in the cytolytic granules of CD8 þ cytotoxic T cells. 26, 27 Our observation of the presence of RANTES/CCL5 in cytoplasmic granules of infiltrating CD8 þ T cells is consistent with these observations. Our findings are also consistent with a recent microarray study revealing that, in contrast to naïve CD8 þ T cells, effector CD8 
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þ T cells in chronic gastritis N Ohtani et al Infiltration of neutrophils represents active inflammatory phase in chronic gastritis, while intestinal metaplasia represents one of the final stages of chronic gastritis after the interval of 10-20 years. 30 Thus, our data suggest that, together with neutrophils, RANTES/CCL5 þ cytotoxic T cells would play an important role for the tissue damage in active inflammatory processes of chronic gastritis. The close correlation between RANTES/CCL5 þ lymphocytes and neutrophils also suggests some functional interactions between cytotoxic T cells mediating cellular immunity and neutrophils. This notion may be consistent with a recent report showing that enhanced Helicobactor-specific Th1 immune response in IL-10 À/À mice was diminished by the depletion of neutrophils. 31 In conclusion, the present study has clarified an important aspect of active inflammatory processes in chronic gastritis by identifying tissue-infiltrating CD8 þ T cells bearing RANTES/CCL5 þ cytoplasmic granules. Elucidation of their roles in cellular immune responses in human chronic gastritis would be an interesting subject of future studies. As for the possible roles of RANTES/CCL5 released by T cells, it may enhance antigen-specific Th1 and CTL responses, 27 upregulate lysis of target cells and costimulatory function of antigen-presenting cells, 32 promote T-cell proliferation, 33, 34 and further recruit CCR5 þ effector T cells (a self-recruiting mechanism). These possibilities remain to be analyzed.
